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measured after 9, 24 and 33 months was significantly higher than in the adjacent non-gap plots, and seedling 
density was positively associated with reduced canopy cover. Seedling densities were also significantly higher 










(44°20´	 S,	 176°10´	 W)	 is	 a	 small	 island	 (218	 ha)	
that	 ranks	 among	 the	 Southern	 Hemisphere’s	 most	
important	 wildlife	 sanctuaries.	 Most	 of	 the	 island	
is	 forested	 and	 these	 forests	 support	 the	 largest	 or	
the	 only	 breeding	 populations	 of	 several	 rare	 and	
critically	endangered	bird	species,	namely,	the	black	
robin	 (Petroica traversii),	 and	 the	 other	 Chatham	
Island	 endemics	 the	 snipe	 (Coenocorypha pusilla), 
tūī (Prosthemadera novaeseelandiae chathamensis),	
tomtit	 (Petroica macrocephala chathamensis),	 red-
crowned	 parakeet	 (Cyanoramphus novaezelandiae 
chathamensis),	warbler	(Gerygone albofrontata),	and	
fantail	 (Rhipidura fulginosa	 penita)	 (Nilsson et	 al.	
1994).	Several	tree	or	shrub	species	in	serious	decline	
or	nationally	vulnerable	also	occur	on	Rangatira	Island,	
















burrowing	 and	 trampling	 activities	 (Gillham	 1960;	
Campbell	1967;	Johnson	1975;	Warham	1996;	Maesako	
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1999).	Disturbance	 by	 seabirds	 has	 the	 potential	 to	





could	 no	 longer	 support	 a	 large	 seabird	 population	
(Lockley	1953).	A	similar	scenario	was	found	among	
















Rangatira	 Island’s	 status	 as	 a	 wildlife	 sanctuary	 is	
critically	dependent	on	maintaining	 its	 forest	 cover.	
However,	 studies	 on	 Rangatira	 Island	 show	 that	
interspecific and intraspecific competition for breeding 
burrows	is	intense	(Was et	al.	2000;	Sullivan	&	Wilson	
2001),	 perhaps	 indicating	 a	 lack	 of	 suitable	 habitat	
elsewhere	in	the	Chatham	Islands	and/or	an	increase	






















Figure 1. Rangatira Island showing location and classification 


























There	 is	 no	 record	 of	 permanent	 pre-European	
settlement	on	Rangatira	Island,	but	Moriori	claims	to	
the 1870 Land Court hearing confirm the island was 











In	 the	early	1800s	a	 sealing	 station	was	established	
on	Rangatira	Island	and	pigs	(Sus scrofa)	and	sheep	
(Ovis aries)	were	introduced	(Richards	1982).	Dogs	








Rangatira	 Island	 is	 also	 the	 main	 refuge	 for	 other	
terrestrial	and	oceanic	bird	species.
Whalers,	accompanied	by	farm	animals,	including	
goats	 (Capra hircus),	 arrived	 around	 1839	 and	
systematic	clearing	of	Rangatira	 Island’s	 forests	 for	
pasture	and	potato	cropping	began	shortly	after	(Ritchie	



















which would have been opened up by fire and stock 
and	then	exposed	to	wind	and	salt	damage.	At	the	time	
Rangatira	Island	became	a	reserve	in	1954,	the	forest	
was described as significantly reduced in area and 
quality	(Bell	1953);	only	one-third	of	the	island	(Top	































using stratified random sampling. We gridded a map of 
the	island	into	squares	(100	×	100	m),	and	numbered	
all	grid	squares	having	at	least	two-thirds	forest	cover.	
Of	 these,	we	 selected	 at	 random	10	grid	 squares	 in	
Woolshed Bush (five each on NW and SE sides of the 
main	track),	and	20	grid	squares	in	Top	Bush	(10	on	
NW	and	10	on	SE	sides	of	the	island),	and	assigned	a	
plot to each grid square (Fig. 1). It can be difficult to 
avoid	damaging	seabird	burrows	when	walking	across	












the	 forest.	An	 additional	 10	 plots	were	 subjectively	
placed in locations identified as having features not 













the number of stems >3.0 cm dbh. Saplings, defined as 
stems	>1.35	m	high	but	<3.0	cm	dbh,	were	counted	in	
each subplot. We counted seedlings, defined as woody 
species	 <1.35	 m	 tall,	 in	 eight	 circular	 understorey	
plots,	each	with	a	radius	of	0.49	m	(area	=	0.75	m2).	
Understorey	 plots	 were	 located	 at	 the	 subplot	 grid	
intersections.
Compositional analysis of forest plots
We	used	cluster	analysis	to	group	the	40	forest	plots	








in	 the	 cluster	 analysis	 shared	 a	 similar	 tree	 species	











Bar graphs showing the size-class profile of 
canopy	 (Fig.	 2a	 &	 2b),	 subcanopy,	 and	 dead	 trees	
(not	shown)	in	each	cluster	were	used	to	describe	the	
chief	characteristics	of	the	forest	communities	(Table	
1),	 which	 were	 named	 following	Atkinson	 (1985).	
Figure	1	shows	the	distribution	of	forest	communities	
across	the	island.	In	using	only	the	largest	stem	in	a	
multi-stemmed	 individual	 for	 analysis	 the	 resulting	
histogram	of	size	classes	can	be	biased	towards	smaller	









To	 determine	 the	 age	 structure	 of	 the	 forest	 we	
increment-cored	 the	 largest	 tree	 (with	 a	 minimum	
dbh	of	8	cm)	in	each	subplot	(5	×	5	m)	at	0.5	m	above	
ground.	 Following	 standard	 dendrochronological	
procedures,	increment	cores	were	mounted	in	wooden	











Environmental variables and site features
To	identify	whether	there	was	a	relationship	between	







In	April	 2004,	 using	 a	 corer	 (5	×	 10	 cm),	 soil	
was	sampled	from	each	forest	plot	(to	the	maximum	
depth	possible	without	penetrating	burrow	chambers).	










Figure 2a. Bar graphs showing density of stems in diameter size-class for two of four main canopy species found in five forest 
communities identified by cluster analysis on Rangatira Island.
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Figure 2b. Bar graphs showing density of stems in diameter size-class for two of four main canopy species found in five forest 










































exclosures	 and	 controls	 was	 estimated	 by	 taking	 a	
digital photograph at each plot centre using a fisheye 
lens.	The	digital	images	were	analysed	using	Adobe	








the	 number	 of	 seedlings	 counted	 in	 exclosure	 plots	
in	 2005	 and	 four	 explanatory	 variables:	 soil	N	 and	
P,	 percent	 of	 the	 canopy	 that	 was	 open	 to	 the	 sky	
(from the fisheye photographs), and density of bird 
burrows.	We	modelled	 the	 relationships	using	a	 log	
link	 function	 assuming	 the	 errors	 follow	a	 negative	
binomial	 distribution	 to	 allow	 for	 overdispersion	 in	
the	counts.	Parameters	were	estimated	using	maximum	
likelihood.
Regeneration in forest canopy gaps
To	assess	the	importance	of	canopy	gaps	as	sites	for	
tree	regeneration,	we	surveyed	canopy	gaps	along	30	
belt	 transects	 (100	 	×	 20	m)	 located	 along	walking	
tracks	to	minimise	burrow	damage;	their	start	located	
Table 1. Summary of the characteristic features of the five forest communities identified by a cluster analysis (see text) followed 
by a size-class profile, from 40 forest survey plots located on Rangatira Island. Nomenclature follows Atkinson (1985).
___________________________________________________________________________________________________________________________________
Plagianthus	Forest	(12	plots).	Canopy	of	Plagianthus chathamicus	(ribbonwood)	and	an	understorey	(of	equal	density)	of	
Melicytus chathamicus (māhoe) and Myrsine chathamica (matipou); few other species present. The size-class profile shows 
few	live	or	dead	species	in	the	larger	dbh	class,	suggesting	this	forest	is	a	young	forest	community;	30%	of	the	forest	is	in	this	
forest	type,	which	is	found	in	Woolshed	Bush,	Ikes	Bush	and	Top	Bush.
Mixed Forest (12	plots).	All	canopy	species	(Plagianthus chathamicus, Olearia traversii	(akeake),	Coprosma chathamica	





Plagianthus/Myrsine Forest	(3	plots).	Canopy	dominated	by	Plagianthus chathamicus	and	understorey	by	Myrsine chathamica.	
Both	Macropiper excelsum	and	Olearia traversii	are	absent;	7.5%	of	the	forest	is	in	this	forest	type.	This	forest	community	
is	only	found	in	Woolshed	Bush.	
































counted	 the	 number	 of	 seabird	 burrow	 entrances	 in	
the rectangular area defined by the length and width 
of	the	canopy	gap.
To	compare	regeneration	patterns	 in	gap	versus	
















The	 four	 canopy	 species	 have	 different	 size-
frequency	distributions,	 and	 this	 combined	with	 the	
relative	 density	 of	 canopy	 and	 subcanopy	 species	
distinguishes	the	forest	communities	(Fig.	2a	&	2b).	
Overall stem density per hectare was significantly 
higher	 in	 the	 Coprosma–Olearia Forest	 than	 the	
Plagianthus Forest	 (P <	 0.05	 Tukey’s	 HSD	 test),	




(Fig.	 2a)	 has	 a	 reverse-J-shaped	 size	 distribution	 in	
two of the five forest communities, with many small 
stems	and	progressively	fewer	in	the	larger	size-classes,	












The	 understorey	 subplots	 revealed	 very	 patchy	
seedling	 establishment.	 Of	 the	 canopy	 species,	






(c.	 3000	 ha–1),	 which	 dropped	 to	 c.	 1000	 ha–1	 for	
Melicytus	and	Myrsine	and	c.	855	ha–1	for	Macropiper	
by	the	sapling	stage.

















regenerated	 since	 farming	ceased	 in	1959	and	most	
stock	were	removed	(Fig.	3).
Of	 the	 environmental	 variables	 we	 measured,	
only	soil	pH	differed	among	communities,	with	the	pH	
















There was no significant difference in woody seedling 
density	between	the	30	paired	exclosure	and	control	
plots	when	the	plots	were	established	(paired	Wilcoxon	
rank	 sum	 test,	V	 =	 6,	P	 =	 0.17).	At	 all	 subsequent	
measurements,	 there	were	clear	differences	between	




2.9.	There	was	 nevertheless	 substantial	 variation	 in	
seedling	counts	among	exclosure	plots	and	seedling	
species	 composition	 from	one	count	 to	 the	next.	At	
the first count of seedlings in exclosure plots in 2003, 
Plagianthus	(44%)	and	Melicytus	(39%)	were	found	













exception	 that	 seedling	 counts	were	 higher	 in	more	
open-	canopied	plots	(change	in	deviance	relative	to	a	
null	model	of	no	relationship	=	11.6,	1	d.f.,	P	<	0.001),	
with	 a	 greater	 number	 seedlings	 under	 higher	 light	
conditions	(Fig.	6).







F i g u re  5 .  Frequency	
distributions	 of	 the	 total	
number	 of	 seedlings	 found	
in	 all	 seabird	 exclosure	 and	
control	 plots	 (0.5	 ×	 0.5	 m)	
during	annual	measurements	
from	2002	to	2005	(exclosure	
plots	 were	 established	 after	
measurement	 in	 2002).	 n	 =	
30	 exclosure	 and	 30	 control	
plots	in	all	years	except	2003,	
when	n	=	29.	Not	shown	are	
























canopy and subcanopy species was significantly higher 
in	canopy	gaps	compared	with	non-gap	plots	(Table	














remnant. Our analysis identified this forest type as 
Mixed	Forest	with	all	canopy	and	subcanopy	species	
present.	Apart	from	one	outlier	(Fig.	1)	this	forest	type	




dominates four of the five forest communities (Fig. 
2a),	occurring	in	varying	associations	with	the	other	
main	 canopy	 species	 Olearia traversii,	 Coprosma 
chathamica	 and Myoporum laetum.	Olearia	 occurs	
almost	exclusively	as	large	trees	scattered	throughout	





	 	 n	 Mean	±	SE	 t	 P
Woody	species	<135	cm	 	 	 	
	 Gap	 14	 48.57	±	5.71	 6.689	 0.001
	 Closed	canopy	 14	 7.28	±	1.90	 	
	 	 	 	
No.	of	burrows	 	 	 	
 Gap 14 43.00 ± 8.23 −2.939 0.012




to	 have	 colonised	 during,	 or	 persisted	 through,	 the	
farming	era	 indicative	perhaps	of	 their	 resilience	 to	
disturbance	compared	with	other	forest	species.	While	
Olearia	is	abundant	on	the	forest	edges,	we	found	no	
Olearia	 seedlings	 in	 the	 exclosures	 and	 few	 in	 the	
understorey	plots	or	canopy	gaps.	Many	of	the	large	
Olearia	trees	are	now	senescing,	with	Olearia	being	
the	dominant	cause	of	 canopy	gaps,	 suggesting	 this	
species	 is	declining	and	may	disappear	 from	within	
the	forest	as	the	remaining	large	trees	die.




































4). This most likely reflects a preference by birds for 
more open-canopied forest because of the difficulty of 
burrowing	in	heavily	rooted	areas.	Areas	with	higher	
densities	of	seabird	burrows	also	had	lower	soil	pH,	
consistent with findings in other seabird colonies (Ellis 
2005),	and	higher	available	phosphorus	levels.	This	was	
most	likely	the	result	of	seabird	guano	lowering	soil	pH	
through nitrification from ammonium to nitrate after 
mineralisation	of	organic	nitrogen,	and	from	greater	
















limited by light availability. This finding is reinforced 
by	the	canopy-gap	survey,	which	revealed	high	densities	
of	 seedlings	 regenerating	 in	 gaps.	 Hence,	 although	
there	 is	 an	 inhibitory	 effect	 of	 seabirds	 on	 seedling	
establishment	and	survival,	this	does	not	appear	to	be	
a	barrier	to	successful	regeneration	under	the	higher	
light	 conditions	 found	 in	 canopy	 gaps.	 We	 further	
observed	a	lower	density	of	burrows	in	gaps	than	in	
adjacent	non-gap	plots	(Table	2),	consistent	with	our	
finding that seabird burrow density was lower in plots 
with	high	densities	of	saplings	and	trees	(Fig.	4).	Birds	
may	be	forced	to	abandon	burrows	in	areas	of	densely	
regenerating	 forest	 (such	 as	 in	 canopy	gaps)	due	 to	




islands with which to compare the findings of this study, 
though	Johnson	(1982)	noted	that	in	the	low-canopy	











on	 Rangatira	 Island	 is	 the	 burrowing	 around	 tree	
roots,	which	loosens	the	soil,	dries	out	the	roots,	and	
weakens	the	trees.
Future of the forest
Rangatira	 Island	 is	 an	 important	 wildlife	 sanctuary	
dependent	on	the	maintenance	of	forest	cover	to	provide	
habitat	 for	 its	 many	 rare	 and	 endangered	 species.	
Our	 results	 show	 that	most	 of	 the	 present	 forest	 is	
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young,	 resulting	 from	 regeneration	 following	 farm	
abandonment,	 and	 that	 the	 forest	 across	 the	 island	
comprises	various	mixtures	of	four	dominant	canopy	
and	 four	 dominant	 understorey	 species.	 Seabirds	
burrow	at	very	high	densities	in	the	forest,	and	seabird	
activity has a significant inhibitory effect on seedling 
regeneration	under	closed	canopies.	Although	several	
of	 the	 understorey	 species,	 including	 Myrsine and	
Macropiper, can	regenerate	from	root	suckers	and	form	
thickets,	 the	dominant	 canopy	 species,	Plagianthus,	
does	 not	 resprout	 and	 relies	 on	 regeneration	 from	
seed.	Our	results	show	that	canopy	gaps	are	critical	
for	 successful	 canopy	 tree	 regeneration,	 and	 that	
regeneration	is	dominated	by	Plagianthus,	suggesting	
it	will	remain	the	major	canopy	species	on	the	island.	
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